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METHOD AND ELECTRIC FURNACE FOR MELTING VITREOUS MATERIALS 



Technical field 

5 The present invention relates to the technical field of vitreous materials and in 
particular relates to a method and an electric furnace for the production of vitreous 
mosaic materials, ceramic frits and similar products as well as for the vitrification of 
waste. 

10 Background art 

It is known that batch furnaces or crucible furnaces or continuous canal furnaces, 
which differ from each other as regards the procedures for the melting process, 
may be used for the production of vitreous materials, such as, for example, a 
15 mosaic product composed of a vitreous paste. 

In batch furnaces, the raw materials contained in the crucible are firstly heated to a 
high temperature in order to melt them and form the vitreous mixture, and other 
raw materials such as, for example, silica sand, are then added in order to obtain 
20 an opacifying effect and a crystalline grain; finally, said materials are cooled, 
before being conveyed to suitable forming machines in order to produce the end 
product, for example a vitreous mosaic material. 

Owing to these process characteristics, crucible furnaces are suitable for small 
25 production outputs, ranging between 100 and 3000 kg of vitreous product per day. 
In continuous furnaces, the various stages of production are distributed spatially, 
but are performed simultaneously. The raw materials forming the primary 
verifiable mixture are melted continuously inside a tank which is connected by 
means of submerged passage or gully to a canal. Substances necessary for 
30 producing the opacifying effect are added into the canal. A casting tank which 
supplies the forming machines is situated at the other end of the canal. 
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Unlike crucible furnaces, continuous furnaces are suitable for greater production 
outputs, exceeding 5000 kg of vitreous product per day. 

Ceramic frits are produced industrially in furnaces of the continuous type. At 
5 present melting furnaces of the oxygen-combustion type are in particular 
preferred. In view of their small dimensions, for these applications the use of 
efficient, but costly systems for pre-heating the comburent air, such as 
regenerators, as used in large glass tank furnaces, is avoided. Thus, the fumes 
are conveyed directly to the flue, still at a high temperature. Owing to the notable 
10 environmental impact of the flue emissions, in accordance with recent legislation, 
furnaces for ceramic frits must also be equipped with a fume filtration device of the 
sleeve filter type. These plants not only have a high installation cost, but are also 
costly to manage on account of the large volume of fumes due also to mixing with 
the ambient air necessary in order to lower the temperature to levels compatible 
is with the filters used. 

Furnaces for vitrification of waste at present constitute a type of plant which is still 
in the experimental stage. The raw materials which form the verifiable mixture 
consist, wholly or partly, of toxic waste of inorganic origin, such as for example the 

20 residual matter from RSU incinerators and the dross resulting from the processing 
of metals and composite materials containing asbestos. The aim of this type of 
treatment of dangerous waste is to produce glass which has a suitable chemical 
stability and which, even though not completely refined, may be reused as a semi- 
processed product in the ceramics, glass fibers and foamed glass industry for 

25 thermal insulation or tiles to be used in the building sector. 

In all the abovementioned production processes, the method of melting the 
vitreous products, such as that for ceramics frits and for vitrification of waste, is 
characterized by the production of glass which is not entirely devoid of internal air 
30 bells, namely is not refined. The verifiable mixture, moreover, may contain 
elements which evaporate easily and may therefore have a significant and 
problematic impact on the environment. 
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Finally, since the composition of the mixture is subject to frequent changes in 
order to produce products with a different color and opacifying effect, in order to 
speed up the material replacement operations, it is preferred to use very low 
heads of glass. 

5 

Generally a drawback of certain solutions consists in the fact that the thickness of 
the layer of verifiable mixture, which is deposited on the surface of the molten 
bath, is limited and is not sufficient to screen the dispersions which are irradiated 
towards the crown of the furnace. Thus, some components in the mixture may 
10 easily evaporate and mingle with the discharge fumes, thereby contaminating 
them. 

Owing to their high temperature and harmful content, the existing legislation 
governing pollution requires the use of costly filtration plants. 

15 

German patent No. 1 ,080,740 discloses a furnace for vitreous materials having a 
tank with a polygonal shape in plan view, suitably designed to ensure a uniform 
temperature inside the molten bath. Electrodes are mounted on the side walls of 
the furnace and towards the central zone of the tank and, being suitably energized 

20 by electric transformers generate a diffused current within the molten bath. This 
diffused current heats the vitreous mixture contained in the tank as a result of the 
Joule effect. During continuous operation, the verifiable mixture is deposited on 
the upper surface of the molten bath so as to form a uniform layer, while an 
opening on the floor and close to the corner of the tank allows the molten glass to 

25 flow out. 

A disadvantage of the solution considered consists in the considerable thickness 
of the head of glass, due to the shape of the tank and the arrangement of the 
electrodes. This constitutes a limitation when the vitrification mixture must be 
30 changed frequently, since it increases the time required for changing the mixture 
of raw materials to be vitrified. 
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A second disadvantage of the solution in question consists in the fact that the 
ends of the electrodes are freely immersed in the molten bath, resulting in a high 
intensity of current in the vicinity of the said ends. For this reason, the immersed 
ends of the electrodes are subject to rapid wear. 

DE-C-564491 discloses an electric furnace with a plurality of electrodes placed on 
the floor. Each electrode has a variable cross-section and an interruption in 
correspondence of a central area of the bath. This interruption defines an internal 
space in which the convection currents of the melting bath originate. The variable 
cross-section of the electrodes is specifically directed to provide a vertical 
extension of the melting bath and does not prevent an increase in the overall 
head, change time and power consumption of the melting process. 

US-A-41 43232, which is considered the nearest prior art on which is based the 
is preamble of claims 1 and 5, comprises a glass furnace comprising three groups of 
electrodes which are positioned in the melting tank at three different levels in order 
to yield convection currents in the molten bath. The groups of electrodes which 
are placed at the upper level far from the floor play a very important role during the 
process as they allow to keep the molten bath flatter and more stable. Moreover, 
20 the other two groups of electrodes are placed at different levels and distances 
from the side walls of the tank in order to improve the control of the convection 
currents and of the shape of the melting bath. This known furnace has no 
provision for reducing to a minimum the head of the molten bath, the time for 
changing the primary batch and the power consumption. 

25 

Disclosure of the invention 

A main object of the present invention is that of eliminating the drawbacks 
mentioned above by providing a method and a furnace for the production of 
30 vitreous mosaic materials, ceramic frits and similar products as well as for the 
vitrification of waste, which have the characteristics of low-cost and limited impact 
on the environment. 
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A particular object is that of providing a cold-crown furnace which is able to lower 
the temperature and the quantity of polluting substances contained in the fumes 
discharged into the atmosphere. 

5 

A further object of the invention is that of providing an electric furnace which allows 
a reduction in the time required to change the vitrifiable material. 

Another particular object is that of providing an electric furnace which is configured 
10 so as to limit the specific power consumption. 

These objects, together with others which will appear more clearly below, are 
achieved by a method for melting vitrifiable materials, in particular for the 
production of vitreous mosaic materials and ceramic frits as well as for the 
15 vitrification of waste, in accordance with claim 1 . 

As a result of this method, it will be possible to reduce the time required for 
changing the primary batch and the power consumption. 

20 According to a further aspect, the invention provides an electric furnace for melting 
vitrifiable materials, in particular for the production of vitreous mosaic materials 
and ceramic frits as well as for the vitrification of waste, where the primary material 
is frequently changed, in accordance with claim 5. 

25 Preferably, the electrodes are substantially cylindrical and straight and have a 
length at least equal to the distance between the opposite side walls of the tank 
and are arranged substantially parallel to each other at a given mutual distance so 
as to optimize the distribution of the electric current inside the molten bath. 

30 Owing to this characteristic feature it is possible to obtain a homogeneous 
distribution of the power within the molten bath. 
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Conveniently the electrodes have one longitudinal end rigidly secured to a side 
wall of the tank and the other longitudinal end in contact with the opposite side wall 
so as to be slightly compressed or tensioned at the tip. As a result of this measure 
it is possible to ensure the electrical continuity even after possible breakage or 
5 cracking of the electrodes. Moreover, the characteristic high degree of wear of the 
tips is avoided. 

Brief description of the drawings 

10 Further features and advantages of the invention will be more clearly understood 
in the light of the detailed description of some preferred, but not exclusive 
embodiments of the electric furnace according to the invention, illustrated by way 
of a non-limiting example with the aid of the accompanying plates of drawings in 
which: 

is FIG. 1 shows a sectioned side view of the furnace as a whole; 

FIG. 2 shows a cross-section through the molten bath and the electrodes; 
FIG. 3 shows a plan view of a preferred example of embodiment of the 
furnace according to the invention; 

FIG. 4 shows a plan view of a second preferred example of embodiment of 
20 the furnace according to the invention; 

FIG. 5 shows graphs of the specific electrical consumption parameterized 
according to the value of the average daily gather. 

Detailed description of preferred embodiment 

25 

With particular reference to the said figures, the description below relates to an 
electric furnace for melting verifiable materials, in particular for the manufacture of 
vitreous mosaic materials and ceramic frits as well as for the vitrification of waste 
according to the invention, said furnace being denoted in its entirety by the 
30 reference number 1 . 
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The furnace 1 comprises a melting tank 2 for containing a molten bath 3, which is 
essentially formed by a floor 4 and by side walls 5, which are often referred to as 
"palisades". Suitable discharge channels 6 are formed in the floor 4 in order to 
allow and facilitate the removal of the molten materials from the tank 2. 

5 

Movement and transporting means 7 are envisaged for introducing into the tank 2 
a primary batch of verifiable materials V and for depositing a covering layer C on 
the molten bath 3. The movement and transporting means 7 may consist of a 
conveyor belt 8 or similar devices which pass through the mouth of the furnace, 
10 not shown in the drawings. 

During start-up of the furnace, conventional heating means, preferably of the 
combustion type (not shown in the drawings and of a type known per se) are used 
for melting, at least partially, the vitrifiable materials V and for forming, in this way, 
15 the molten bath 3. After the molten bath 3 has been created, it is possible to 
commence heating of the furnace using electric means. 

Conveniently, electric heating of the furnace is performed by means of an electric 
current diffused in the molten bath 3, which current generates heat as a result of 
20 the Joule effect. For this purpose, a plurality of electrodes 9, which have a 
predetermined shape and position, are provided inside the tank 2 in such a way 
that the electric current circulates between them. 

The electrodes 9 may be supplied with a single-phase alternating current R-S, 
25 generally by connecting half of the electrodes 9 to the conductor R and the 
remaining half to the conductor S. In another example of embodiment, the 
electrodes may be supplied with a three-phase alternating current R-S-T. 

According to the invention, the electrodes 9 substantially rest on the floor 4 so as 
30 to reduce to a minimum the head B of the molten bath 3, with a consequent 
reduction in the time required to change the primary batch and the power 
consumption. 
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Preferably, the electrodes 9 are cylindrical and straight and are arranged 
substantially parallel to each other at a given mutual distance D,D' so as to 
optimize the distribution of the electric current inside the molten bath 3. 

5 The length L of the electrodes 9 is at least equal to the distance between the 
opposite side walls of the tank 2. In this way the surface area of the electrodes 9 
in contact with the materials of the molten bath 3 is increased. Moreover, the 
electrodes 9 have one longitudinal end rigidly secured to a side wall 5 of the tank 
and the other longitudinal end in contact with the opposite side wall 5 so as to be 

10 slightly compressed or tensioned at the tip. As a result of the ample area of 
contact between the electrodes 9 and the molten bath 3 and the absence of 
electrodes having their tips freely immersed in the molten bath 3, it is possible to 
limit the current intensity and consequently the wear phenomena. 

15 The stresses associated with unforeseeable thermal settling movements could 
give rise to breakage fissures or cracks. The slight compression to which the 
electrodes 9 are subject helps ensure the electrical continuity also in the case of 
breakage or cracking of the electrodes 9. 

20 The side walls 5 of the tank 2 have a minimum height H greater than the maximum 
value of the head B of the molten bath 3, plus the maximum thickness S of the 
covering layer C. This minimum height H of the side walls 5 of the tank 2 may be 
between 35 to 60 cm if the diameter of the electrodes 9 is between 1" and 2 1 / 2 ". If, 
on the other hand, the diameter of the electrodes 9 is between VA" and 2", then 

25 the minimum height H of the side walls 5 is preferably between 40 and 60 cm. 

Since the diameter of the electrodes 9 is comparable with the head B of the molten 
bath 3, the electrodes could hinder discharging of the molten glass. For this 
reason, the discharge channels 6 extend at least partially underneath the 
30 electrodes 9. 
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The discharge channels 6 may comprise at least one main receiving canal 10 
connected to the outside of the furnace by means of a discharge gully 11. The 
main canal 10 may have a direction substantially parallel to the electrodes 9. 

5 In another embodiment, the main canal 10 may have a direction substantially 
perpendicular to the electrodes 9. Moreover, it is possible to use also a plurality 
of secondary receiving canals 12 connected to the main canal 10, particularly in 
the configuration where the electrodes 9 are perpendicular to the main canal 10. 

10 Conveniently, the main canal and secondary canals 10, 12 are transverse to each 
other and extend completely underneath the electrodes 9. 

The furnace is closed at the top by a crown 1 3 which is situated above the floor 4 
and the side walls 5. 

15 

Operationally speaking, a primary batch of verifiable materials V is introduced into 
the tank 2 via the inlet mouth of the furnace (not shown in the drawings) and by 
means of movement and transporting means 7. 

20 Solely during the initial cold furnace stage, the charge of materials V is pre-heated 
using conventional heating means so as to melt them at least partly and form the 
molten bath 3 with a head B. At this point, heating of the furnace is started by 
energizing the electrodes 9 with single-phase or three-phase electric current so as 
to melt completely the verifiable materials V. 

25 

A covering layer C of verifiable materials in the solid state is deposited on the 
upper surface of the molten bath 3 so as to contain the heat dispersions of the 
bath and screen the crown 13 of the furnace. 

30 Owing to the position of the electrodes 9 resting over the whole of their length on 
the floor 4, a reduction in the head B of the molten bath 3 is obtained, with a 
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consequent reduction in the time required for changing the primary batch and the 
power consumption. 

Fig. 5 shows some graphs which illustrate the specific energy consumption, 
5 normalized with respect to the unit of mass of glass produced, in the case of a 
furnace with a floor having a square shape according to the invention, and 
parameterized for the specific gather [ton/(day m 2 fi 00 f] • 

The specific consumption is dependent upon both the dimensions of the furnace 
10 and the quantity of glass produced, expressed as tons of glass output per day. 
With an increase in the dimensions there is obviously an increase in both the 
dispersions and the quantity of glass which is produced daily. 

From the ratio of dispersion to quantity of glass produced it emerges that for the 
15 same specific gather (normalized with respect to the surface area of the floor), the 
power expended per unit of product decreases with an increase in the surface 
area of the floor. 

As can be seen from Fig. 5, the specific consumption also decreases with an 
20 increase in the specific gather. In the example of calculation, values of a specific 
gather ranging from 3250 a 3750 kg/(day m 2 noor) have been used. 

It can be seen how, with a suitable floor surface area and with the 
abovementioned specific gather values, it is possible to achieve easily specific 
25 consumption levels of up to 0.6 kWh/kg. 

In operating conditions, the quantity of electrical power which flows within the 
molten bath 3 depends on the electrical resistivity of the glass, which varies 
depending on the chemical composition of the glass itself. The consumption of 
30 current depends, not only on the difference in potential at the terminals of the 
immersed electrodes and the electrical resistivity of the molten glass bath, but also 
in decisive manner on the geometrical distribution of the electrodes. 
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The confining effect must also be taken into account during the calculation of the 
electrical resistance between the immersed electrodes. In fact, the volume 
occupied by the molten glass bath has been reduced compared to a conventional 
electric furnace. Therefore, the interfaces which delimit the molten bath 3 modify 
5 significantly the potential range, and the simplified theory of infinite means, which 
is usually adopted in large electric furnaces, is no longer valid. 

The potential range also depends on the type of electrical power supply used: a 
single-phase alternating voltage system may be taken into consideration only in 
10 small-size furnaces, while the three-phase system is generally preferable and 
obligatory in large-size furnaces. 

A homogeneous distribution of the power in the molten bath is essential for correct 
operation of an electric furnace. A second condition, which is of an operational / 
15 design nature, relates to the limit values of the current density in the glass at the 
electrodes 9. 

In the case of industrial glass it is advisable not to exceed a current density of 2 
A/cm2, while in the case of glass which is of a high quality or particularly rich in 
20 substances which are corrosive for the electrodes 9, it is advisable not to exceed 
the density of 0.7 A/cm2. This second condition results in the need to design the 
electrodes 9 with a considerable length and, because of the low head B of the 
glass, said electrodes must be inserted laterally into the side wall 5 and must rest 
on the floor 4 along the whole of their length. 

25 

With reference to Fig. 2, Table 1 shows an example of calculation of the applied 
voltage Vapp, the current I and the currently density i at the electrodes 9 (effective 
values) as a function of the mutual distances D.D' between the electrodes 9. 

30 The calculation refers to a furnace with floor 4 having dimensions of about 4 m , 
with a square plan design, the power of which has been calculated as being 
approximately 343 kW at the specific gather of 3540 kg/(day m2 fl0 or)- 
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Table 1 Characteristic voltage and current data (effective values) of the furnace 
according to Fig. 2 with single-phase power supply (p gIass ~ 3.45 Q cm). 
The condition where there is uniform distribution of the currents in the 
molten glass is shown in bold. 
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l n current in the electrode n 

i n current density at the glass-electrode interface n 

lop-) current in the glass between lateral and central electrode (D\ between 

io central electrodes) of the melting tank according to Fig. 2 

In the case where the furnace is powered with a three-phase alternating voltage R- 
S-T, the current density at the electrodes 9 decreases. The following Table 2 
shows the same calculations illustrated in Table 1. In this case, with reference to 
is Fig. 2, the two external electrodes are connected to the phase R, the second 
electrode from the left is connected to the phase S and the remaining electrode to 
the phase T, resulting in a triangular connection which is powered symmetrically. 

Table 2 Characteristic current data (effective values) of the furnace according to 
20 Fig. 2 with three-phase power supply (p Q iass~ 3,45 Q cm). The condition 

where there is uniform distribution of the currents in the molten glass is 
shown in bold. 
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l n current in the electrode n 

i„ current density at the glass-electrode interface n 

'r(s.t) phase current R (S, T); in the case of the central electrodes the current in 

5 the electrode is equal to the phase current S and T 

Jst line current between the phases S and T 

Id(d-) current in the glass between lateral electrode and central electrode (D\ between 
central electrodes) of the melting tank according to Fig. 2 

io From that described above, it is clear that, with the method according to the 
invention and its implementation by means of an electric furnace in accordance 
with the claims, it is possible to achieve the predefined objects and in particular 
perform in a cost-effective manner the melting of verifiable materials, in particular 
for the manufacture of vitreous mosaic materials and ceramic frits as well as for 

15 the vitrification of waste, using electric power. 

In particular, with the method according to the invention it is possible to provide a 
cold-crown furnace which is able to lower the temperature and the quantity of 
polluting substances contained in the fumes discharged into the atmosphere, 
20 limiting the specific power consumption. Moreover, with the invention it is possible 
to reduce the time required for changing the verifiable material. 
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The method and the furnace according to the invention are subject to numerous 
modifications and variations all falling within the inventive idea expressed in the 
claims. All the details may be replaced by other technically equivalent elements, 
and the materials may vary according to requirements without departing from the 
5 scope of the invention. 

Even though the object of the invention has been described with particular 
reference to the accompanying figures, the reference numbers used in the 
description and in the claims are used in order to facilitate understanding of the 
10 invention and do not limit in anyway the scope of protection claimed. 
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